The paper presents the results of fi eld and laboratory tests performed on the heavily preconsolidated boulder clays which prevail on the campus of the Warsaw University of Life Sciences -SGGW as foundation layers. Based on the results of fi eld and laboratory tests a problem of spatial variability assessment of the thickness of foundation layers and the soil parameters is discussed. Special attention is drawn to the selection of the design values of oedometer moduli and the suitability of calculation methods for settlement evaluation. Calculated settlements were approved by the fi eld measurements performed during building construction.
INTRODUCTION
In Eurocode 7 a distinction is made between ultimate limit states and serviceability limit states (EN 1997-1 Eurocode 7 Part 1). Generally, limit state design codes devote more attention to ultimate limit states (ULSs) than to serviceability limit states (SLSs) (Orr and Farrell 1999; Orr 2005; Bond and Harris 2008) . In case of serviceability limit states the estimation of settlements and differential settlements is a fundamental aspect of the design of shallow foundations (Poulos et al. 2001; Frank et al. 2004; Simpson et al. 2009 ). In many geotechnical designs, the size of pad or strip footings is determined by SLS rather than by ULS requirements particularly when building with basement is founded on preconsolidated clays.
The paper presents the results of fi eld and laboratory tests performed on the heavily preconsolidated boulder clays which prevail on the campus of the Warsaw University of Life Sciences -SGGW as foundation layers. Based on the results of fi eld and laboratory tests a problem of spatial variability assessment of the thickness of foundation layers and the soil parameters is discussed. Special attention is drawn to the selection of the design values of oedometer moduli and the suitability of calculation methods for settlement evaluation. In order to evaluate differential settlements the numerical calculations were performed using the fi nite element program Sage-Crisp based on the Modifi ed Cam-Clay model. Calculated settlements were approved by the fi eld measurements performed during building construction.
DESCRIPTION OF THE TEST SITE
The test site is located at the campus of the Warsaw University of Life Sciences where in last ten years several new buildings were 10.2478/v10060-008-0097-z constructed. An example is building No 37 in plan 120 m × 57 m with the basement (B) and fi ve-fl oors (5F) ( Fig. 1) . Due to expected differential settlements building was constructed as three dilated parts (Fig. 2) .
In each side part two halls with two fl oors height were located. In the rest of the building the structural loads varying between 5-12 MN were transmitted by the columns with 7.8 m spacing to the ground by pad footings. Rectangular pad footings were designed with size from 3.4 m × 3.4 m up to 6.5 m × 6.5 m. Pad footings with size 3.4 m × 3.4 m which cause unit loads about 633 kPa taking in account eccentric loading on footing are considered in this paper.
FIELD AND LABORATORY TESTS
In general the tested subsoil with the exception of 2-3 m of surface layers consists of moraine deposits underlain by fi ne sand layer. Moraine Quaternary deposits consist of two layers -brown Building was founded below the surface of brown boulder clay. Figure 2 shows the thickness of moraine deposits of Warta Glaciation (brown boulder clay) and Odra Glaciation (grey boulder clay) below foundation level. Because of the difference in thickness of boulder clays below foundation level ( Fig. 2 and Fig. 3 ) and in properties of grey boulder clay the differential settlements were expected.
Compression curves obtained from IL oedometer tests conducted up to 30 MPa indicate that preconsolidation stress σ' p is much higher than the effective stresses induced by loading. The profi les of index Figure 4 . DMT test results indicate that grey boulder clay is softer than brown boulder clay. In order to evaluate constrained modulus M from dilatometer test the empirical correlations proposed by Marchetti (1980) for 0.6 < I D < 3.0 were used as follows:
2.5 0.14 0.15 0.6 log( )
where:
A comparison of constrained modulus obtained from oedometer test during reloading indicates that for interpretation of dilatometer tests in boulder clays the following relation can be used:
In Figure 5 , the profi les of cumulative values of dilatometer modulus E D as well as constrained modulus M obtained from Marchetti formulae and from proposed formula are shown with mean values of constrained modulus calculated for sublayers separated based on cumulative curve of E D .
SETTLEMENT ANALYSIS
During the building construction the settlement gauges (BM 1-BM 12) were installed on the selected columns of three dilated parts of the building No 37 (Fig.  2) . The measurements of settlements were started after the completion of second fl oor (2F). The settlement measurements proved that the displacements of three dilated parts were different. The settlement gauges installed in the middle part and left part under loading caused by the second stage of building construction (3F-5F) were 3-6 mm but in the right part 8-10 mm. In the paper the results of settlement calculation for selected footings in the right part are presented. Calculation of settlements were carried out based on the constrained modulus evaluated from DMT tests and numerical analysis using fi nite element program Sage-Crisp based on the modifi ed CamClay model. In order to compare calculated settlements with fi eld measurements the calculations were carried out for two stages of building construction: fi rst stage (B-2F) and second stage (3F-5F). Calculation of settlements based on DMT tests were performed using the values of constrained modulus evaluated using Marchetti formulae and proposed formula for boulder clays. In case of the numerical analysis the calculations were carried out for single footing and multi footing cases. Isolines of vertical displacements of three footings H-14, H-15 and H-16 are shown in Figure 6 .
A comparison of calculated and measured settlements of selected footings A-16 and H-16 are shown in Table 2 . In Table 2 the values of constrained modulus as well as compression index λ and recompression index κ used in calculations are presented. From comparison of the settlements calculated based on the In Table 3 as an example a comparison of the calculation results of ultimate limit states for selected footing (H-16) is presented. The results of calculations indicate that overal factor of safety (OFS) in case of undrained conditions is 1.90 but in drained conditions is 2.77. The highest value of the utilization factor 
